An experimental study of the diusion-gravitational convection transition boundary in an ArN2 binary system at dierent pressures and a constant temperature gradient is performed. It is shown that the diusion is replaced by the gravitational convection at a pressure p ≈ 0.5 MPa. In terms of the stability theory, a perturbation boundary line is determined, dividing the Rayleigh numbers plane into the regions of the diusion and the convective mass transfer. The experimental data agree well with the theoretical values.
Introduction
A spontaneous penetration of one substance into another is a phenomenon known as diusion, which frequently occurs in nature and engineering, facilitating an equalization of the concentration gradient in a given volume. The rate of mixing depends on the heat motion of molecules; the smaller the molecular weight and the higher the temperature, the shorter the time of full mixing. More intensive mixing can be achieved with the convective mass transfer, which is implemented by force or under special conditions for ows of matter arising due to diusion processes.
The oceanographic investigations, which were performed in the latter half of the last century, revealed salt fountains [1, 2] representing water regions with a sharply marked density boundary. The laboratory studies [3, 4] demonstrated that, because of temperature and salinity gradients and a slower horizontal transport of salt as compared to the heat transfer, long narrow convective cells moving alternately up and down are formed in the bulk of the liquid. This convective motion was called double diusive convection [5] or gravitational convection. Double diusive convection appears in a liquid if one condition is fullled: the liquid contains two or more components with dierent diusion coecients and these components should make opposite contributions to the vertical density gradient [6, 7] . Investigations of melting of ice blocks [8] and the evolution of ice coats of ponds [9] showed that, upon exposure to solar radiation, denser freshwater remains beneath thinner seawater, owing o over some slightly sloping vertical layers formed under the mutual eect of the temperature and salinity gradients. * corresponding author; e-mail: selvd@yandex.ru Studies of the thermo-eect in ternary gas mixtures revealed irregular oscillations of the temperature in the diffusion apparatus [10, 11] . Later investigations of isothermal ternary gas mixtures showed that double diusive convection is possible not only in systems with a stable stratication of the density, but also in systems with a negative density gradient [1215] . There are now few studies on the mechanical equilibrium instability in non--isothermal conditions. They deal with the condition of a stable stratication of the mixture density. Therefore, it seems reasonable to explore the alteration of the non--isothermal diusion gravitational convection regimes with an unstable stratication of the density in the simplest mixture, namely, a binary system. In this case, two (concentration and temperature) gradients are formed, making opposite contributions to the vertical density gradient. In this case, the conditions for the mass transfer typical of double diusive convection are observed. This paper reports experimental data on the processes of mixing in the ArN 2 binary gas system with a temperature gradient and, also, presents a theoretical analysis of the stability of the gas mixture.
Experiment
The experiments were performed by the two-ask method, which is widely used to determine diusion coecients in a wide range of temperatures and pressures [16, 17] . The two-ask installations consisted of two basic components, Fig. 1 [18] .
One of the components is a gas preparation unit made up of a set of needle valves (110) for lling of the temperature-controlled asks with initial gases from the high-pressure cylinders A and B, a tank (13) equalizing the pressures in the asks, and control pressure gages (12) with special membrane dividers (11) isolating the pressure gage chamber from the volume of the ask. To avoid the eect of stray capacitances, the gas pipelines The second component of the installation is the diusion apparatus itself, which is also made of stainless steel.
It consisted of two temperature-controlled asks (14, 16) with preset volumes V I and V II equal to 62.8 × 10
which were connected through a capillary (15) The experimental procedure on the installation was as follows. The capillary between the asks was stopped, one of the asks was evacuated using a backing pump, then this ask was washed several times with the corresponding gas from the high-pressure cylinder, andnally it was lled with the gas to the experimental pres-
sure. An analogous procedure was applied to the other ask. The gas pressure in the asks of the apparatus was read against reference pressure gages (12). The absolute experimental pressure is the sum of the atmospheric pressure, which was determined by a MBP manometer--barometer, and the excess pressure read by a reference pressure gage. As soon as the installation reached the preset temperature regime, the pressure in the asks was equalized through a special tank (13) , and the excess gas was bled to the atmosphere through a valve (9) . Then the capillary (15) was opened, and the experiment start time was noted simultaneously. In a certain period of time (960 s), the channel was shut-o, and the gases were analyzed in a chromatograph. The obtained experimental data were compared with the results of the calculations by the StephenMaxwell equations on the assumption of stable diusion process [19] . the diusion coecients (stabilizes process), the density (destabilizes process) and the mixture viscosity (stabilizes process). It seems that the density role is major.
Mass transfer model
The macroscopic motion of a binary gas mixture in a temperature eld will be described in terms of the stability theory [20, 21] . In this case, the general set of equations of uid dynamics consists of the NavierStokes equation of motion, the continuity equation, and the heat and mass transfer equations ρ ∂u ∂t + (u∇) u = −∇p + η∇ 2 u + ρg, ρT ∂s ∂t
where α p = m2−m1 c1m1+c2m2
The ow densities j and q from Eq. (1) can be expressed as the gradients of temperature, concentration, and pressure. If considerable pressure gradients are absent in the given gas mixture, we shall have
Let us express p, c, and T as p = p + p , c = c + c , and
where p , c and T are average values taken as the reference points; p , c , and T are small perturbations. We shall assume that a change in the density, which is caused by a pressure inhomogeneity, is small as compared with the changes resulting from the temperature and composition inhomogeneities; hence, the pressure should not change considerably throughout the gas mixture; and the density ρ exhibits a linear dependence on c and T : Write the variation of the mixture entropy in the form ds = ∂s ∂T c,p dT + ∂s ∂c T,p dc
Substituting (2)(5) into (1) 
where r is the characteristic distance measurement scale, For simplicity, the geometry of the problem is presented as an innite at vertical channel (Fig. 3) . From geometrical considerations we shall take that the perturbations are plane-parallel, are directed along the z-axis, and depend only on one coordinate x:
It is assumed that the solution of the set (6) has the form {c, T, u} = c 0 , T 0 , u 0 sin (n + 1) π 2 x exp(−λt), (7) where n = 1, 3, 5, . . . are characteristic odd modes of per-turbations. The boundary conditions suggest that the velocity and perturbations of the concentration and the temperature become zero in the vertical planes limiting the layer of the gas mixture:
Simultaneous solution of (6) and (7) provides a cubic equation for the decrements λ,
with the coecients p = P P d , q = −π
The solution of (8) gives boundary lines of monotonic and oscillating perturbations in the form 
it is possible to determine the point in the Rayleigh numbers plane, which the given experiment reects. Here 
